
Europatsches Patentamt , 
European Patent Office 
Otfice europeen des brevets 



llllliliilililllifilllilli 



© Publication number: 



0 581 264 A1 



® 



EUROPEAN PATENT APPLICATION 



® Application number: 93112060.4 


® int. CJA COSL 31/04; C08L 33/08, 


@ Date of filing: 2a07,93 


COS L 25/02 • 


Priority. 29.07,.92 US 921535 


© Applicant: AIR PRODUCTS AND CHEMICALS, 




rNC. 


Date of pubhcation of appilcalion: 


7201 Hamilton Boulevard 


uz.u^.y4 Bulletin 94/05 


AJientown, PA 181 95-1 501 (US) 


{£). Designated Contracting States: 


@ . Inventor: Bott Richard Henry 


caji' ncr fits 

DC UEL UXO 


1610 Cherry Lane 




.Macungie, PA 18D52(US) 




inventor: Kuphat, Jeffrey AJan 




6 Leeds Road 




Remington, m 0SS22(US) 




Inventor: Robeson, Lloyd Mahlon 




1801 Miil Creek Road ■ 




IWacungre, PA 18062(US) 




Inventor: Lee^ Hsueh-ChI 




^6840 Holiday Dnve 




AlJentown, PA 18104(US) 




inventor: Cordelro,.Ca|etan Francis 




70 Greene Hill Dnve 




Kutztown, PA 1S530(US) 




® Representative: Schwabe - Sandmalr- Marx 




Stuntzstrasse 16 




D-81677 Munohen {DE) 



IVfifcscible biends of vinyj aoetate-ethyiene copoiymers and oopolymers of scryFic acid or maieic 
anhydride. 



so 



@ Polymeric composmons are disclosed containing miscible blends of copolymers, one of which is a vinyl 
acetate/ethylene copolymer containmg about 5 to 30 weigiit percent ethylene and the other is a copolymer of 
either acrylic add or s maieic anhydride with a comonomer selected from styrene. ethyl acryiate, n-butyl 
acrylate and 2-'ethylhexyl acryiate, Windows of mtscibility for each of the copolymer biends have been defined 
and the blends can be advantageously formed by polymerizing the acrylic acid copolymer in the presence of. an. 
emulsion of the vinyl acetate/ethylene copolymer in such a way ^at the polymerization takes place in the 
suspended vinyl acetate/ethylene copolymer rather than in the aqueous phase. 
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GROSS REFERENCE TO RELATED APPUCATrONS 

This application Is a continuations n-part of Appfi cation Serial No, 07/B33.B30. fiied December 26. 1990. 
5 FIELD OF THE INVENTION 

This invention relates to miscible btends of copolymers of vinyf acetate and ethylene with other 
copoiymers containing acrylic add or maleic anhydride, in another aspect the invention relates tc a method 
of formmg such miscible-diends by poiymehzing acrylic acid or maieic anhydride in the presence of 
w emuisified vinyl acetate-ethylene copolymer. 

BACKGROUND OF INVEhTriON 

As uses for polynneric compositions have become more sophisticated, the demand has grown for 
15 poiynners and pofymer mixtures having physical properties tailored to the desired end use. Vast numbers of 
polymeric systems having 2, 3 or more monomers have been developed in order to achieve certain 
balances of properties. The degree that such propeiries can be controlled becomes increasingly complex 
as the number of different monomers in such systems increases. It has become more practicable, therefore, 
to modify and tailor polymer properties by combining preformed polymers of known composition and 
20 behawor in mixtures or blends. As the general rule, however, polymers which differ from each other 
sigmficantly in composition are incompatible and do not mix well in a manner which enables them to share 
their properties or enhance the propenlies of one of the base^poiymers. Basically, this incompatibility results 
because the pofymers do not combine on a molecular level which would be the case rf the polymers were 
completely miscibie with each other. 
25 The miscibtlity between polymers has been studied extensiveiy, as by Giabisi, et al, '^Polymer-Polymer 

Mrscibllity", Academic Press, New York (1979). The authors describe blends of mlscrble pofymers which 
exhibit behavior similar to that which would be expected from a single phase system. This offers assurance 
. of mechanical compatibiirty with enhanced tensfle properties, noting that miscibie polymer blends are 
usuaify useful over the entire composition range of components thereby offering great versatility in 
50 matching price/performance requirements. 

The problem of biending normaiiy incompatible polymers was addressed several years earlier by 
Mufdock et aL, U.S. 3,236.914 (1966). The solution offered was to combine one linear polymer containing 
nitrogen atoms with another linear poiymer having carboxyijc add groups, for example vinyJ pyridine and. 
acrylic acid or methacryiic acid. The so-called "neutraf^^ comsonomers could be selected from a bng list of 
35 polymers inciudrng styrene and.:vinyl. chloride or butadiene and methyf methacrylate. 

Over two decades later, the problem, of potymer misdbility was addressed in a similar fashion by Hsieh 
and Wong. J Chem. I Oh 19(1}. 17(1988) who studied phase separation between poly (vinyl acetate) and 
polystyrene. Miscibiiity was noted for. copolymers based upon vinyl acetate/acrySic acid and styrene/4-vinyl 
pyridme. Aiso studied were biends of copolymers of styrene with acrylic acid and styrene with vinyl 
40 pyridine. The interaction between the polymer chains was said to be enhanced by introducir^g charge 
groups, namely the vinyl pyhdine and acryJic acid into the system. The single phase was noted at 10% 
content of the charge groups with improved compatibility and a Tg of the bisnd centered between the Tg of 
the component copolymers at 30 mois percent of the charge group monomer. The reference teaches that 
each of the polymers of the biend must have one of the charge group monomers in. its composlfiOT. 
45 U.S. 4,332,917, Heslinga,. et al., (1982) describes polymer alloys formed from one or more polymers 

having anhydride groups and one or more polymers able to hydrogen bond to the first polymer which must 
be protolyzed, for example, a copolymer of styrene and maleic anhydride and pofy (vinyl acetate). These 
polymers are said to be miscibie in all proportions at certain temperatures but at specific temperatures 
phase separation will take piace. Physical interaction between the polymers Is said to be improved by 
50 protoiysis of the maleic anhydride portion of the copolymer in order to increase hydrogen bonding. This 
must be done after the polymer is in solution in an organic solvent Relative proportions of the styrene and 
maleic anhydride are not disclosed but one exampJe indicates that about equal amounts were charged to a 
polymerization. 

Shiomi, et al., Macromofecules, 19. 2274 (1986) states that compatibility between high molecular 
66 weight polymers is unusual in blend systems, but that specrfic interaction between two polymers does 
improve the potential for miscibiiity. The authors studied random copolymer blends in which the biended 
copolymer had a common monomer, for example, vinyl acetate/ ethyiene and vinyt chloride/vinyl acetate 
copolymers. Another system^ studied was the copolymer of styrene and maleic anhydride blended with a 
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copol/mer of styrene and acrylonitrile. 

Many polymer blends are disclosed tn the literature without actuaUy addressing the problem of 
compatibiilty. For exampie Japanese Patent Application 60042476 (1985) describes vibration proof . materiais 
which include fiber and resin made from vinyl acetate/ethyfene copolymer and a styrene copofym erized 
with acrylic acid ester with a third monomer of acryJic acid being optional, The compositions disclosed are, 
■however, outside the range of mEscibillty wrth vinyl acetate/ethyiene copolymer (VAE). In like manner 
Japanese Patent App^icafon 62070461 (1987) describes a varnish containing VAE having 10 to 40 wejght 
percGnt ethylene and a copolymer of styrene witii maleic acid, the VAE being in emulsion and the styrene 
copolyrDer in solution, in effect, this system would produce . a mixture of emulsions so that the resultant cast 
film would consist of particles of VAE surrounded by the styrene resin and therefore would be phase 
separated. Also. U.S. 4,777,197, Nolken. et al. (1988) describes as a plastic dispersion a mixture of VAE 
cohtain-ing 14 to 22% ethylene and a copolymer of styrene with maiaic anhydride as a water soiubie sail 
plus a dispersing agent. Since the dispersion wouid contain parttcies of the po^y(v!nyi ester), mixing would 
not occur on. the molecuiar level. ... ' ' 

Cru2-Ramos. et aL, Maoromoiecuies, 22. 1289 (1989) discloses that. polyvinyl chloride) is not miscible 
with either polyvinyl acetate) or polyethylene, but does form miscibie mixtures with some of the 
copplynners of vinyl acetate and ethylene containing about 15-55 weight percent ethylene. The authors 
discuss "miscibility windows" rn homopolymer- copolymer blends, but do not go beyond the studies made 
with poly(vinyl chloride). 

BRIEF DESCBiPTiON OF THE iNVEhfTiON 

We have discovered that certain miscibility windows exist for copolymers of vinyf acetate and ethylene 
and. certain copolymers of acrylic add or maleic anhydride. Mtscibifity of these copolymers appears to be 
very sensitive to the relative proportions of the monomers which exist in each copolymer, but if miscrble 
blends form, then the miscibility of the two copolymers extends over a broad range of blend compositions, 
for exampie from about 10 to 90 parts by weight of the vinyl acetate-ethylene copolymer (VAE) and 90 to 
10 parrs by weight of the acrylic acid or malefc anhydride copolymer. 

The VAE copolymers which participate in this miscibiHty potential are the poiymers having a relatively 
low ethylene content in the range of about 5 to 30 weight percent ethylene. The acrylic acid or maleic 
anhydride copolymer is one of the copolymers selected from (a) a styrene polymer containing 8 to 30 
weight percent acrylic acid or m.alefc anhydride, (b) an ethyl acrytate. polymer containing 8 to 25 weight 
percent acryKic acid, {c) an n-butyl acryiate polymer containing 10 to 25 weight percent acrylic acid or 
maleic anhydride, or (d) a 2-ethylhexyl acrylate polymer containing 18 to 25 weight percent acrylic acid. 

These miscibie polymer biends in the compositions indicated above can be formed by a number of 
methods such as direct mixing or miliing of the preformed polymers such as tn.a Brabender, but one very 
convenient method of forming the blends rs to polymerize the acryjjc acid or maleic anhydride copolymer in 
an emulsion of the preformed VAE. The VAE particles of the emuision are believed to. be swollen by the 
BcryWc acid or maleic anhydride and the oomonomer which can be either styrene, ethyl acrylate, n-butyE 
acrylate, 2"ethylhexy( acryiate or combinations thereof so that polymerrzation and mixing takes place on the 
molecular scale. 

A preferred composition is a miscible blend of VAE copolymer having an ethylene conteni of 10 to 35 
weight percent and a styrene/acrylic acid , copolymer having an acryiic acid content of 8 to 32 weight 
percent. 

DETAILED DESCRIPTtON OF THE INVENTION 

The polymeric compositions of this invention contain blends of vinyl acetate/ethyl ene copolymers which 
have been described by Daniels, Encyofopedia of Polymer Scfence and Engineering, VoM7 p.3S3-425. 
John V^iiey and Sons. New York (1989) as the high vinyl acetate copolymer, generally containing about 70 
to 90 weight percent vinyl acetate. These polymers can be made as described by Daniels via emuislon 
polymerization under an ethylene pressure of about 300 to 750 psi, although higher pressures on the order 
of 1800 psi are sometimes used. Protective colloids, surfactants, and stabilizers employed to maintain a 
stabie emulsion or suspension may also be present Such polymers are commercFally available and find a 
wide range of utility as adhesives and coating materials. 

This invention enables the modification of such VAE polymers by incorporating by a blending within 
windows of miscibility certain pojymers of acrylic acid or maleic anhydride which are copolymehzed with 
either styrene, ethyl acryiate. n-buty^ acryiate. 2-ethyihexyl acryiate, or mixtures of such comonomers. The 
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devebpment of such miscible blends Is very significant because such monomer mixtures cannot be 
copoSymerized readily. Attempts to do so have yielded highly heterogeneous mixtures since styrene, 
acryiates and acrylic add are much more reactive and wHf polymerize preferentisl^y to vinyl acetate and 
ethylene. Styrene is also known to inhibit the polymerization of vinyl acetate. The result is a b^end of 
polymers varying in composition and which have physical properties which are Linpredlctable. Most likely 
the polymers will be phase separated and exhibit mechanical incompatibiiity generaHy observed with phase 
■ separated polymers. Trying to control composition by starve feeding the reactive monomers to a 
copolymenzation can be difficult to control or reproduce on an industrial scale. 

A comparabie objective can be attained, however, by blending the poiymers having the compositions 
indicated in accordance with this invention. The acrylic acid and maleic anhydride copoiymers can be 
prepared by typical polymerization processes using free radical polymerization, either in bulk, suspension 
or solution or emulsion polymerization. The preparation of acryiates if>cludmg acrylic ac)d and maleic 
anhydride Is discussed by Saunders "inorganic Polymer Chemistry", Chapter Chapman an6 Hsil London 
(1973), 

Styrene can be copolymerized with acrylic acid and maleic anhydride by free radical poiymerization 
and the reactivity ratio data for these monomers indicates a tendency to form copolymers rather than 
homopoiymers in the presence of each other. As noted by Odian, ^'Principles of Pplymerization", Second 
Edition, page 450-452. Wiiey-lnterscience, New York (1981). 

The blends of this invention can be made by procedures which include melt mixing, for example In an 
extruder or on a mill, soiution blending in a common solvent foliowed by devoiatiiization or by in-situ 
polymerization of the acrylic acid or maleic anhydride polymer in the presence oi the VAE emulsion. 

The VAE polymers used In this invention normally have an ethylene content in the range of 5-30 weight 
percent, but when blended with a styrene^acryfic acid copolymer having about 8 to 32 weight percent 
acrylic acid, a preferred ethylene content is of about 1 0 to 35 weight percent for the VAE. It was surprising 
to find these windows of miscibiiity witii the VAE polymer which, contrary to the general teaching of the 
prior art, enjoys miscibiiity with the second comonomer. even wltbourt containing a charge group as 
described by Hsieh and Wong or without a comnnon monomer between the two copolymers which are 
blended; 

While Appficants wish not to be bound by a particular theory, the sebctive miscibiiity observed results 
from a combination of both attractive and repuisive forces existing between the monomer units in each 
copolymer and between the copolymers, rvievertheiess, there is noltiing in the prior art which would have 
led directfy to producing these miscibte polymer blends, particuiariy in view of the fact that a majority of 
similar copolymers are not miscibie and demonstrate incompatibiiity with each other. For example, the 
VAE's are incompatible with copolymers of methyl acrylate and acrylic acid over a wide range of 
proportions. A methyl aery late/acrylic acid copolymer containing 10 weight percent acryfic acid is, however, 
miscrble' with poiy(vmyl acetate), so that with this particular acrylic acid copolymer a small amount of 
ethylene in the VAE negates misability. Also; substitution of methacrylic acid for acrylic acid destroys 
miscibiiity, even in compositions that would otherwise demonstrate complete mixing on the molecular scale. 
Methacryiic acid, however, can be employed as a third monomer in the copolymers of this invention up to 
an amount where miscibiiity is no longer maintained. 

Copolymers which have been observed to be miscibie with the VAE havmg ethylene contents in the 
ranges indicated include a styrene copolymer containing 8 to 30 weight percent of acryilc acid or maleic 
anhydride, and ethyl acryiate copolymer containing 8 to 25 weight percent of acrylic actd, and n-buty} 
acryiate polymer containing 10 to 25 weight percent of acrylic acid or maleic anhydnqe, or a copolymer of 
2-ethylhexyi acryiate containing 14 to 25 weight percent acrylic acid or maleic anhydride. 

A preferred set of compositions include a VAE polynner which contains from 6 to 25 weight percent 
ethylene and such poiymers can be blended to form miscibie compositions with a copolymer of ethyl 
acryiate and acrylic acid containing 10 to 15 weight percent acrylic acid or a copolymer of n-butyl acryiate 
containing 18 to 25 weight percent acrylic acid or a copolymer of 2-ethy!hexyl acryJate containing 18 to 25 
weight percent acrylic acid. 

The term 'copolymer' as it is used with respect to the acrylic acid or maieic anhydride polymer, 
includes ierpo^ymers in which minor amounts of other monomers of the same type as ind/cared for the 
other miscibie- polymers can be present. For example^ a styrene copolymer with acrylic acid could also 
contain 2-ethyIhexy( acryiate. in similar fashion, terpolymers containing the acrylic acid or maleic anhydride 
and monomers selected from styrene. ethyl acryiate, n-butyi acrylaie or 2-ethylhexyi acryiate can be used 
to modify the properties of VAE polymers in miscibie blends. Other monomers or combinations of 
monomers not specifically mentioned can be added at minor levels (<10 wt%) such as methacryiic acid, 
methyl acryiate. vinyl acetate, ethytene, maieic acid, vinyl chloride, isoprene, methyl methacrytate and 
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mixtures thereof such thai miscibility is still maintained. Additionaliy. acrylic acid and maieic anhydride can 
be incorporated into the 'copolymer' along with the desired styrene or aery [ate monomers listed herein, 

in order to illustrate further the features of our invention, the following examples are presented which 
should not be construed to limit our invention unduly, 

COMPARATrVE EXAMPLES 

Melt blends of a vinyl acetate-ethylerte copolymer (VAE) (30% ethylene Tg = -Q'C, obtained frorr^ 
Scientific Polymer Products)were prepared with polystyrene, poly(methyJ. acrylate) and poly(ethyi acrylate). 
The polystyrene was obtained from Afdrich Chemicaf Co. and had a molecular weight of 250,000. Poly- 
(methyf acryiate) was obtained from Scientific Pofymer Products and had a molecular weight of 43.000. 
Pojy(ethyf acrylate) was obtained from Scientific Polymer Products and had a molecular weight of 96.000. 

The blends were prepared rn a Brabender under the conditions noted in Table 1 along with mixture 
observations. 



TABLE 1 



Example 


Blend . 


Brabender Temperature of Mixing 


Blend Appearance 


1 


50% VAE 

50% Polystyrene 


175-180- C ■ 


Opaque - two phase 


2 


50% VAE . 

50% Po}y{ethyl acrylate) 


70-90 • C 


Translucent - two phase 


3 


50% VAE 

50% PoJy(methy acrylate) 


70-90 " C 


Opaque - two phase 



The poiystyrene.A/AE- blend was compression molded into a 40 mil thick 4" x 4" plaque at 170 "C. This 
sample was subjected to dynamic mechanical testing over a" btcad' temperature range using a Rheometrics 
RMS-605 mechanical spectrometer at a frequency of 1 Hz. Two glass transition temperatures correspond- 
ing to the mdivfduai constituents were observed 114 -C). The mechamcal properties were quite poor 
as noted below: ' ^ . 



Tensile Modulus 


40,000 psi 


Tensile Strength 


850 psi 


% Eiongation 


.20% 



The mechanical properties were determined on shear cut 1/S" wide. 20 mil thick specimens using an . 
Instron Tester and a procedure simHar to ASTW adapted to smali scale testing. These comparative 

Examples 1-3 show that VAE does not form miscibie blends with homopoiymers of styrene, methyl acrylate 
or ethyl acryiate. 

EXAMPLES 4 - 7 

Styrene/acrylic acid copolymers utilized for the biends in subsequent examples were prepared via bulk 
reaction in an extruder. The relevant data for the tour copolymers are listed in Table 2. Glass transition 
temperatures were determined via differential scanning calorimetry using a Perkin-Elmer DSC~2C at a 
heating rate of 10'C/minute. The Tg data corresponds to the midpoint values obtaned from the baseline 
shift at the transition during a second heating scan. Weight average molecular weights were determined at 
25*0 in tetrahydrofuran at a flow rate of 1.0 mi/n^inute via gel permeation chromatography, A n on- universal 
caitbration relative to the retention times of narrow distribution poiystyrene standards was employed. Melt 
flow data was obtained using a Tinius-Otsen Mell indexer similar to a procedure descrrbed in ASTM D- 
1.238. MeJt fiow values in Table 2 were determined after ten minutes (MF10) and thirty minutes (Mr30) 
preheats at conditions of 200 " C and 44 psi. 
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TABLE 2 



Example 


Styrene/Acrylic Acid Feed Ratio (by wt) 


Mw 




Mr 10 (dg/min) 


MF30 (dQ/min) 


4 


92/B 


86,000 


125 


6.74 


7.27 


5 


86/14 


S3,000 


137 


2,93 


2£7 


6 


82/1.8 


138,000 


139 . 


0.68 


0 66 


7 


80/20 


71,000 


142 


5.03 


5.02 



EXAMPLES 8-16 

A series of acryiate/acryiic acid copolymers were polymerized vie bulk reaction in an extruder or by 
solution polymerisation. The compositions and property date are listed in Table 3. Inherent visccstties flV) 
were determined at 25 ° C In tetrah yd rofu ran using a 0.2 wt% solution. Glass transition temperatures were 
determined via differential scanning calorfmetry as noted- in Examples 4-7. 

TABLE 3 



3B 



Example 


Description 


Feed Ratio 


Gom position (wt%) 


fV(dl'g) 


I Tg('C) 


8 


EA/AA 


85/14 




0,48 


7 


9 


EA/AA 


92/8 


93/7 


0.92 


1 


■^0 


EA/AA 


75/25 


77/23 


0,81 


3i 


1 1 


EA/AA 


65/35 


Da^2 


1.02 


55 


12 


MMA/n-BMA/MAA 


30/50/20 








13 


MMA/n-BMA/MAA 


26.5/43.5/30 








"^^ 


MMA/n-BMA/MAA 


22.5/37.5/40 








15 


n-BA/MA/AA 


40/40/20 - 


42/4^)/l3 


0.92 


28 


16 


n-B A/Man 


85/15 






.22 


EA ^ ethyi acrylate ■ 

AA - acrylic acid 

MMA = methyl methacrylate 

n-BMA = n-butyl methacrylate ' 

MA = methyl aery iate 

Man = maieic anhydride 

MAA =^ methacry lie acid 

n-BA - n-butyl acrylate 





Applicants note that the feed ratios of monomers in these runs corresponds very closely to the actual 
composition of the copolymer products, 

46 

EXAMPLES 17 - 20 

Melt blends of a vinyl acetate-ethylene copolymer (70% vinyl acetate) obtarned from Scientific Polymer 
Products. Inc. were prepared mXh the styrene/acrylic acid copolymers {S/AA) described in Examples 4*7, 
These blends were prepared In a Brabender at 170--^t90«C. The resultant biends were compression 
molded at 1 60-1 80 into 20 mif and 40 mil piaques for caiorimetric, mechanical, and dynamic mechanical 
characterization as described \n Examples 4-15. The results on these blends are noted in Table 4. The 
.styrene/2-ethyihexyi acryiate/acryiic acid terpoiymer {S/2-EHA/AA) blend data with VAE are also rnciuded. 
The S/2-EHA/AA was prepared via extrusion polymerization. These miscible biends exhibited significanfty 
higher tensile strength and eiongation at break than the immiscible polystyrene /VAE of the comparative 
Example 1. This fs one objectrve of the invention. Also, a smgle Tg rndicates mixing at the molecular scale. 
Emulsion or dispersion blends do not achieve the advantages achieved with mixing at the molecuiar teveL 
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TABLE 4 



Example 


SampEe Description 


Tensile 

Moduius 
(ps!) 


Tensfie 

Strength 
(psi) 


Elongation 
@ Break % 


Tg(DSC)(*C) 


Tg(DMS) i^C) 


1.7 


50% S/AA (20% AA) 
50% VAE (70% VAc) 


145,000 


5,200 


79 


47 




18 


50% S/AA (14% A A) 
•50%. VAE (70% VAc) 


124,000 


4,700 


175 


33 


69 


19 


50% S/AA (8% AA) 
50% VAE (70% VAc) 


91 .DDO 


3,500 


150-260 


29 


61 


20 


5.0% S/2-EHA/AA60/t5/25 
50% VAE (70% VAc) j 


S3. 000 j 


3300 

..... i 


240 




7B 


S ^ styrene 

AA = acrylic acid 

VAE = vinyl acerate-ethyJene 

VAc = vinyl acetate 

2-EHA = 2-ethy! hexyl acryiate 



in the parent application serial no. 07/633,830 referenced above, Exampies 31 and 32 show im- 
rDisciblirty between poly(viny] acetate) and styrene/acrySic acid copolymers containing 8 and 14wt% acrylic 
acid whiiB Example 34 showed n^rscfbilrty v/hen the acrylic acid content of the S/AA copolymer reached 18 
wt%. The miscibiiity of VAE with S/AA over a broad range of AA content was qufta unexpected. Example 20 
shows that a minor amount of one of the selected monomers can be introduced as a termonomer without 
destroying miscibiiity. 

EXAMPLES 21-24 

Two addltionai sty rene/acry lie ac^d copQiymers were prepared by soiutron polymerization (in tert-butanoi 
at 30% monomer concentration). Benzoyl peroxide (2.0 mm oles/mole monomers) was added to the reaction 
mixture which was then purged with nitrogen for 10-15 min and heated to 80 *- C for 16-20 hours. In the early 
stages of .the reaction, ice bath was used" to moderate the exotherm. The resulting polymer was isolated 
by precipitating in water and drying in a vacuum oven (60 ' C/1 torr). After, drying, monomer conversion to 
polymer was measured, and the inherent viscosity (25 * C using a 0,2 wt% solution rn tetrahydrofuran), and 
the composition (using ^^C NMB of the polymer products) were determined. The cha'-acteristics of these 
polymers is noted in Tabie 5; 



TABLE 5 



Example 


Styrene/Acryiic Acid Feed Ratio 


. Conversion (%) 


Conr^ position (wt%) 


fV (dl/g) 




21 


70/30 


89 


78/22 . 


0.48 


130 


22 


60/40 


87 


69/31 


0,34 


144 



In these runs, the proportion of AA actually incorporated Into the styrene copolymer ran about 20 to 
25% less than the proportion of AA in the feed. 

The blends of these two sty rene/acry lie acid copolymers with VAE were prepared in a Brabender at 
180-190* C. The mechanical property and Tg results are illustrated in Table 5. 
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Tabie 6 



e 


Example 


Sample Description 


TsnsMe Modulus (psi) 


Tensile Strength (psi) 


Eiongation @ 
Break (%) 


Tg (DMS) 




23 • 


50% S/AA (78/22) 
50% VAE (70% VAc) 


182,000 


5,200 


12 


-14^75 


70 


24 


50% S/AA (68/31) 
50% VAE (70% VAc) 


207,000 


5,S00 


39 


-14,104 



^Minor transition^ The overall indication is that these polymers formed miscible blends. 



Example 25 

A styrene/maieic anhydride -copofymer (75% by wt styrene; obtained from Scientific Polymer Products, 
inc.) was mixed .in soiutton with VAE (70% VAc. also from Scientific Polymer Products, Inc.} (5 grams' 
each). The solulion was singie phase (10% soiids) and the oast fiim was transparent The devolatilizsd 
solution was compression molded at 140*^0, and exhibited a -single Tg (31 ^C) by DSC anafysis. The 
mechanical properties on this transparent molded fiim are noted below and are characteristically brittle due 
to the low moiecular weight of the styrene/maleic anhydride copolymer (which was too brittle to test). 





Tensile Modulus 


= 96,000 psi 




Tensile Strength 


^ 2,000 psi 




% Elongation at break 


= 5%' 



Examples 26 - 30 

A series- of (meth)acryiate/(meth)acryiic acid co- and terpoiymers were evaluated in blends with vinyl 
acetate-ethylene (70% VAc; obtained from Scientific Polymer Products). The (meth)acry.late/(meth>acry!ic 
acid copolymer utilized m these Examples are noted in Tabie 7. inherent viscosities were determined at 
25 "C in tetrahydrofuran at 0.2 wt% splutfon. T^^^^ values were obtained from compression 

molded plaques utiiizmg a procedure "simliar-'iS ' A D-638 adapted to small scale evaluation. Glass 
transition temperatures were determined via differential scanning caiorimetry on a Perkin-Eimer DSC-2C at 
a heating rate of 10 ' C/minute. 



Tabie 7 



Example 


Composition 


Feed Ratio 


IV(dl/g) 


Tg(^C) 


Tensfie Modulus (psi) 


26 


EA/MAA 


75/25 


0,52 


44 


110,000 


27 


EA/MAA 


80/20 


0.47 


23 


59.000 


28 


rrBMA/EA/MAA 


43/43/1 4 


0.39 


29 


33,000 


29 


MMA/MAA* 


95/5 






30 


MMAjTVIAA* 


80/20 









" Obtained from Polyspiences, Inc.; V/arrington, PA 
50 . MAA = methacry lie acid 

EA - ethyl aery late 
n-BMA = n-buty! methacrylate 



The results of solution blending experiments are noted in Table S. No miscible systems were obsem^ed 
in this series. 
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Table B 



VAE (7D% VAc)/(Melh)acryiate/(Meth)acryljc acid Copolymer Blend Study (Solution) 


Exampte 


Blend Description 


Solvent 


Solution 


] - — 

Cast Fiim Appearance 


26 


50% VAE 
50% EA/MAA 
(75/25} 


THF 


Phase separated 


Phase separated 


27 


50% VAE 

50% EA/MAA 
{oUidu Dy wt) 


THF 


Single phase 


Phase separated 


28 


50% VAE 

50% n-BMA/EA/MAA 

(43/43/1 4) 


THF 


Hazy solution 


Phase separated 


29 


50% VAE 
50% MMA>TV1AA 

(95/5) 


THF 


Phase separated 


Phase separated 


30 


50% VAE 

50% MMA/MAA 

(80/20) 


THF 


Phase separated 


Phase separated 



Comparative Examples 26-30 show the non-equrvalence of methacrylic acid and acr/lic acid in 
formation of copolymers miscible with VAE. 

Exampigs 31 - 41 

Blends were made in a Brabender with varioiis (meth)acrylate/{meth)acryuc acid cb- and terpolyraers 
with VAE (70% VAc: obtained from Scientific Polymer Products). The resu^ts on mett blended samples are 
listed in Table 9. The control poly(m ethyl aery I ate) <Mw = 43,000) and poly(ethy] acrytate} = 95,000) 
were obtained from Scientific Pofymer ProdLfCts. The only blends exhibiting potential misclbiiity with VAE 
(70% VAc) were EA/AA (92/S and 86/14 by wt) and n-BA/MAn (85/15). The Tg^s of the VAE and EA/AA 
(86/14) were loo close to ascertain whether the single phase behavior was observed. The EA/AA (92/8) 
yielded transparent samples with dynamic mechanical data indicating at least partial misclbility (single Tg 
behavior), however, again the Tg's of the constituents were too o\ose to determine if a single Tg exists. 
Stretching the fiim did not revea! the whitening usuafiy present for systems which are phase separated but 
are transparent due to matctied refractive indices. The Tg data on the nBA/MAn noted below gave enough 
resolution to be able to assign a single Tg. 





Tg(DSO) 


n-BA/MAn (85/15) 
VAE (70%, VA) 
VAE/(n^BA/MAn) [50/50] 


-22 "0 

- 9'C 
= -15'C 
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Table 9 



T5 



20 



25 



30 



36 



40 



AS 



50 



55 



ID 



VAE (70% VAc)/(Meth)acr/{ate-<meth) acryfic acid Co-and 
Examples { Polymer Blended with VAE 



Terpolymer Blends (50/50 Blends) 



31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
41 



MMA/n-BMA/MAA 

MMA/r>-BMA/MAA 

MMA/n-BMA/MAA 

EA/AA 

EAyAA 

EA/AA 

EA/AA 

n-BAy1V!A/AA 

n-BA/MAn 

EA 

MA 



Feed Ratio 



30/50/20 

26,5/43.5/30 

22.5/37.5/40 

75/25 
86/14 
92/8 

65/35 

40/40/20 

85/15 

100 

100 



Brabender Blend Results 



Phase 
Phase 
Phase 
Phase 
Transparent 
Transparent: 
Phase 
Phase 
Transparent 
Phase 
Phase 



separated 
separated 
separated 
separated 
homogeneous 
homogeneous 
separated 
separated 
homogeneous 
separated 
separated 



MMA methyl methacrylate 
n-BMA = n-butyf methacryiate 
MAA = methacryiic acid 
EA = ethyt acryiate 

AA = acrylic acid 
MAn = maleic anhydride 
n-BA - n-buty[ acryiate. 
MA ^ methyl acryiate ■ 



The followmg are examples of sequential polymerization of acrylic acjd containing copolymers in Itie 
presence of VAE emulsions. All percentages are by weight unless otherwise noted. 

Example 42 

This example describes the blend of VAE (Arrfiex ®40po!ymer emulsion from Air Products and 
Chemicals, inc., 25 wt% ethylene) with a sty rene^acry lie acid (S/AA) copolymer. The desired biend 
composition is 75% VAE, 25% S/AA where the S/AA composlfton is 80% styrene and 20% acryitc acid. 

AlBN initiator (0.28g) was dissolved in 32.1 Sg of styrene monomer, then, 11.29g of acrylic acid was 
added and the resulting mixture was agitated to assist dissolution. The monomer initiator mixture was then 
added to 141 .23g of A^401 emulsion (55% solids) in a 500 mL glass reactor. The monomer/initiator soiutton 
was aibwed to swell into the emulsion. Next, 100q of water. was added to dilute the emuision. The pH was 
adjusted to 4 by the addition of a few drops of an ammonium hydroxide solution- The reactor was then 
heated to 70 'C with an external oil bath. After 4 hours, the reaction was cooied to room temperature and 
the product removed. 

FI-IR confirmed the incorporation of styrene and acrylic acid functionality into the blend. Films cast 
directiy from this emulsion were no more hazy than the unmodified emulsion. These fiims were stiffer than 
the starting material although they were still quite flexible. Dynamic mechanical spectroscopy of the 
resultant blend indicated a broad but single phase glass transition. 

Comparative Example 43 

This example describes a sample of a similar overall composition as that described in Example 8 but 
which is prepared by mixing the rndividual emulsions of each copoiymer. 

First, an 80/20 styrene-acrylic acid copolymer was prepared- by the emulsion copoiymerization of 
49.09g of styrene with 14.7g of acrylic acid. Sodium lauryl sulfate was used as the surfactant (1.53g), 
potassium persulfate (0,1 /g) as the initiator and ammonium hydroxide (dropwise) was used to adjust the pH 
to 4. Deoxygenated water {165g) was used as the continuous phase. After polymerization, the material was 
found to contain both acrylic acid and styrene by F!-lRv This. emulsion was found to contain 22% solids by 
weight. 
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The styrene-acryfic acid copolymer emulsions was then mixed with an A-401 VAE emulsion resulting In 
an overall ratio of 75% VAE to 25% S/AA. Thus, 6£,8g of A-401 (55% solids) was mixed with 56. 8q of the 
.S/AA emulsion described above (22% solids). The resulting mixed emulsion was cast as a film and allowed 
to dry at room temperature. After drying, this film remained opaque wiiHe and exhibited poor fiexibiiity. 
Dynamic mechanicai analysis indicated the presence of 2 distinct phases, each with the characteristic glass 
transition of one of the two component copolymers, The comparison of Example 42 with Exampie 43 
demonstrates the advantage of sequential polymerization to achieve a level of miscibiiity compared to 
emulsion mixture wtiich did not allow for mixing approaching moiecular scale dimensions. This exampie 
clearly shows that emulsron mixtures are not preferred and indeed, unless mixing occurs at the molecuEar • 
scale, the propetty^ balance desired is not achieved. 

Example 44 

This example describes the preparation of a blend of VAE (Airflex®40l emulsion) with pofy(ethyf 
acrylate-co-acryl;c acid) by sequential polymerization. The desired blend composition is 50/50 and the 
desired ethyl acryiate/acry lie acid ratio is 80/20, 

First, 137.4g of an A-401 emulsion was diMed with 57.3g of dttstUled water. A solution containing 57.28g^ 
ethyi acrylate. 1 6.1 9g acrylic acjd and O.SIg A\BH initiator was then added to tne emulsion. After the 
addition of this soiution, the emulsion was allowed to stir for 30 minutes to allow the dissoiution of the 
monomers into the emulsion polymer. The emulsion/rinonomer mixture was then immersed in a 70' C oil 
bath to initiate the polymerization. After -15 minutes the reaction medium began to. thicken noticeably and' 
200 mL of addittona! distilled, water was added. Since the polymerization released enough energy to raise 
the reaction temperature to greater than the desired 70 "C, the oil bath was lowered periodically to help 
control the reaction temperature. Before the reaction was complete, another 200 ml of distal ied water was 
added to further reduce the viscosity- After 3 hours, the reaction was cooled to room temperature and the 
product removed. Cast films of this emulsion were not completely transparent and they were also quite tack- 
in texture as would be expected based upon the composmon.- No stability properties of the emulsion 
product were measured. The giass transrtlon temperatures of the two component polymers were too close 
together to be of use In determining the phase characteristics of this blend. 

Example 45 

This example describes the preparation of a biend of VAE (Airfiex® 465 poiymer emulsion obtained 
from Air Products and Chemicals, Inc., 22 wt% ethylene) with a posy{ethyl acrylate-co-acryiic acjd) by 
sequential polymerization. The desired blend composition is 50/50 and the desired ethyl acryiate/acryfic 
acid composrtron is 80/20. (The difference between this Example and Example 44 is the use of A'-465 as the. 
VAE component,) 

A solution of 0.309 AIBN Imtiator in 2T3Sg of ethyl acrylate and 5.54g of acrylic acid was prepared. 
This solution was added to 39 .9g of A-465 emulsion (66% soiids) and aliowed to stir tor 15 minutes. IDOg of 
water was then added and the reaction was heated to 70*C in an external oil bath. The reaction exotherm 
caused a temperature increase to 83 ^C, at which time the oil bath was lowered until the desired 
temperature was reestablished. After 2 hours at 70^0, the reaction temperature was raised to 80*0 for 1 
hour to insure high monomer conversion. The reaction was than copied to room temperature and tne 
product removed. . - ' , 

Upon removal of the reaction product, it was noticed that some of the material had collected on the 
stirrer and thermometer in the reactjon flask. The iiqujd phase was separated and the solid was dissolved in 
tetrahydrofuran. The liquid was used to cast films which had a similar appearance to those descnbed in 
Example 44, The soi\6 fraction of this product was incompletely soiubie in THF. 

Example 46 

A melt blend of the VAE {30% ethylene) wrth a styrsne/maleic anhydride copolymer obtained from Arco 
Chemicai Co.. {Dylark: 232; 14% maleic anhydride by NMR analysis) was made in a brabender at 200- 
220 "C- Partial miscibiiity was noted from DMS analysis where a Tg of 85 ""C was observed with a minor 
shouider transition at 15 'C. This indicates the major phase contains a mrscible blend of styrene-maieic 
anhydride/VAE witii a minor phase of VAE/styrene-maleic anhydnde (rich in VAE), 
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Example 4/ 

This example describes the preparation of a blend of VAE (Airfiex® 401 emuision) and a styrene-acrylic 
acid copolymer (S/AA). The desired blend composlt/on was 80% VAE and 20% S/AA. The desired S/AA 
composition was 75% s'tyfene and 25% acryiic acid. 

A solutfon of 17.9g of styrene and 6.4g of acryiic acid was prepared. Next, 0.23g of AtBN mitiaior was 
added to the monomer solution. This monomer/initiator soiution was added in one portion to a 147g quantity 
of A^40l emulsion which had been diluted with 238g of deionized v^ater. The emulsion was a/iowed to swell 
w!th the monomers for 10 minutes white sttrred. This emulsion monomer mixture was then heated to 70^C 
for 8 hours. The temperature was tinen increased to 80-85 * C for 1 hour. The reaction was then cooied to 
room temperature and the product removed. 

The same procedure was used to prepare a 40% S/AA, 60% VAE blend, also with a 75/25 S/AA 
. composition, 

FUms were cast from the resulting products. These films dried transparent at room temperature and 
76 maintain^^ therr transparency after heating in a vacuum oven to 80 * C for 2 hours. 

Example 48 

This example describes e blend of 60% styrene-acrylic acid copolymer with 40% VAE (Airflex® 401 
20 emulslDn). The desired S/AA composition is 75% styrene and 25% acrylic acid, 

A soiLition of 4e.1g of styrene. I5.1g of acryiic acid and O.SIg of AIBN was . prepared. This mon- 
omer/initiator solution was added to 73.0g of A-401 which had been diMed with 272g of deionized water. 
The water had been deoxygenated by sparging with nitrogen for 30 minutes. The reaction mixture was 
heated to 70-75 ' C for 8 hours. At that point, ail of the liquid had been absorbed from the reaction mixture. 
The product was dheo in vacuum at 80 ^ C and resulted in a fine powder. This powder was compression 
molded at 130 " C and resulted in a partially transparent sample. 

- The above -Examples 42-46 demonstrate that mtscible biends of VAE and AA copofymers can be 
obtained by polymerizing the AA and its comonomer in a VAE emulsions. Preferably, in such a procedure, 
the blend has greater than 50 weight percent VAE because the AA pofymerization should take place in the 
VAE pofymer particles suspended in the emulsion rather than in the aqueous phase. Best resuJts are 
obtained when the overall AA content of the blend is no: over 15 weight percent. 



25 



30 



35 



Examples 49 - 57 



Linear vinyl scetate-eth yiene copolymers were prepared in t-butanol under pressure requireo to 
incorporate random copolymenzation of etiiylene monomer. Copolymer compositions and olass transition 
temperatures are summan2:ed in Table 10. 



40 



45 



SO 



55 
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Table 10 



Compositions and Glass Transitions Temperatures For Vinyl Acetate-Ethylene (VAE) Copolymers 

Prepared Via Solution PoJynnenzstion 


Exampie 


COMPOSITION^^' 




' B,mdpi ( * C)^^^ 


SOURCE^^J 


IV(dl/g)<^^ 


49 


Poly(viny[ 


30 


35 


SP2 


0.S7 




acetate) 










50 


VAE (94% VA) 


15 


1Q 


APCi 


0.50 


51 


VAE {SS% VA) 


2 


7 


APOl 


0.32 


52 


VAE (75% VA) 


-8 


-3 


APCi 


a54 


53 


VAE (75% VA) 


-9 


"4 


APCI 


0.55 


54 


VAE (70% VA) 


-12 


-9 


SP^ 


1.24 


55 


VAE (55% VA) . 


-22 


-17 


APCI 


0.52 


56 


VAE (65% VA) 


"22 


'18 


APCI 


0.51 


57 


VAE (50% VA) 


-30 


*26 


SP^ 


1.08 



Composrtions determined via NMR. 
'^"^ Glass transitions temperatures determined on 2"^ heat 
<3) sp2 ^ Scientific Polymer Products, Inc. 
w Determmed on a 0.2 wt% solution in THF at 25 "C. 



APC/ = Air Products and Chemicals^ Inc, 



Examples 58-77 

The foliowing general procedure was used to prepare various acrylic acid-oontaining copolymers. A 
solution of the specified ethylenicafiy unsaturated copoJymerizabie monomers and an Initiator were- added to 
the reaction solvent and *e solution was deoxygenated by bubbling nitrogen into the solution for 5 minutes. 
The solution was then heated to 60 ' C under nitrogen for 19 hours. The resulting copolymer was isoiated by 
precipitating in water and drying in a vacuum oven (60 ^ C/1 torr). Specific product yields and physical 
properties are outlined in Table 11. All products provided satisfactory spectral analyses. 
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Tsbie .1 1 



15 



20 



Example 


Monomers^ 








58 




100 




6 


59 


EA 


100 


0.39 


-16 


SO 


BA 


10b 


0.33 




61 . 


2-EHA 


100 


- 


- . 


32 


MMA 


100 


0.35 


110 


63 


MA/AA 


90/10 


0,64 


28 


64 


MA/AA 


.60/40 


1.01 


58 


65 


MA/AA 


48/52 


0.87 


81 


66 


EA/AA 


90/10 


0,66 


2 


67 


EA/AA 


77/23 


0;S1 


28 


68 


EA/AA 


55/45 


U.05? 




69 


BA/AA 


97/3 


0,27 




70 


BA/AA 


. 87/1 3 


0.60 


-15 


71 


8A/AA 


77/23 


0.80 


10" ' 


72 


BA/AA 


50/50 


0.32 


67 


73 


2-EHA/AA 


85/15 


0.51 




74 


2-EHA/AA 


77/23 


.0.58 


11. 


75 


2-EHA/AA 


67/33 


Q.SO 


42 




MMA/AA 


&2/B 


0.42 


117 


77 ■ 


IVIMA/AA 


76/24 


0.45 


121 



1. I\AA = methyl acrylste, EA - ethy[ acrylate. BA = n-baty[ acrylate, 2-EHA « 
2-ethylh€xyf acrylate. MMA - methyl methacrylate. AA - acrylic add. 

2. Determined by '^C NMR 

3. Determined on a 0.2 wt.% solution in THF at 25 ' C. 
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Examples 78 - 119 

Two grams of each of the bisnd constituents was dissolved m sixty miliiliters of- tetrahydroiuran. The 
solution was then cast in a hood at room temperature for 48 hours. The film was dried in an air circuiatino 
oven for thirty minutes at 65 ' C or at a temperature 30 to 40 degrees higher than the T^^s of the blend 
constituents. The samples ware then compression molded at 160^ C. A sample of the moided plaque was 
placed in a Perkin-Eimer DSC^2C for glass transition temperature determination. Each sampie was heated 
raptdSy cooled (at 320 * C/min), and reheated from ^50^C to t40*C at a beating rate of 10 "C per minute! 
fo The Tg data reported corresponds to the midpoint values obtained from the baseline shift at the transition 
for the second beating. A biend demonstrating a single Tg independent from those of the biend constituents 
IS sufficient evidence of thermodynamic poiymer-pojymer miscfbHfty as described tn Olabrsi, et aL (supra) 
Results are given in Tables 12-17.. 

In each of Tables 1 2-17. the polymer phase behavior (PB) is indicated by the following code: 
5 M = misclbie (and thus mechanically compatible) 

I - immiscible 

MC ^ mechanically compatible ■ 
PM = poor mechanical compatibility 

Blends were categorised according fo the^r thermaf behavior, mechanica/ toughness and integrity as 
welf as their appearance (e.g., transparency and uniformity) under tension. 
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Table 12 

Differentfal Scanning Calorimetry (DSC) Results for Poly (Vinyl Acetate) 
and Vinyl Acetate-Ethyl ene Copolynier Blends with Poly(nieth}acrylates 

(Tg values in X represent midpoint values as obtained dtjring 2"^ heat.) 



Ex. 




PBA 


£HA) 


PHA . 


PEA 


PHMA 




PB 




PB 


\ 


pfi 




PB 


78 


f*olyCv1ny1 acetate] 


1,PH 




Z6 


M 


-IS, 39 






I,KC 


1 "^^ 


VAE (94V VA) 




UPM 


15 


M 


-15,12 


KPK 




I.HC 


dO 


VAE f&S^r VAl 


r»?H 


I,PM 


9 


H 




I,PK 




I.PH 


.81 


VAE (75% VA) 


I,PH 


i,PK 


1,19 


I.PM 


-H,0 


1,PH 




I,PH 


BE 


VAE (70Sf V*.) 


I,PH 


I,PH 


-10,21 


I,MC. 


-12 


I,HC 


*24,105 




63 


VAE (65% VA) 


I,PH 


I.PH 




I, FN 




I»PM 


-■29,8-7 




8A 


VAE C50V VA) 


l.PH 


I.PM 




1,MC 


-27,-14 I,HC 1 -14,76 


I,PH 


^MA - Poly (methyl aery late} PMHA ^ 
PEA - Poly(ethyl acrylate) . PBA 


- Poly(methy1 methacr} 

- Poly{n-buty1 acrylat 


'late) 
-e) 



The data of Table 12 show that, with the exception of poty(methyr acrylate) which found mt^sclbie blends 
only with poiy(viny[ acetate) and VAE containmg 6 to 12% ethylene, afl of the acrylate homopolymers were 
immiscibie with VAE copoiymers over e broad range, 6 to 50% of ethylene content 
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The data of Table 13 show that the MA/AA copolymer over a broad content of AA, is immiscibie with 
VAE. ThiB is an interesting result since both poiy{methyI acrytate) and MA/AA (1D% AA) are mjscible with 
poly (vinyl acetate). The incorporation of AA into a methyl acrylate polymer appears to decrease its 
mIscibHity witin VA£. 



Table 14 



Differential Scanning Calonmetry (DSC) Results for Vinyl Acetate-Ethylene Copolymer Blends with Ethyl 

Acrylate-Acryiic Acid (EA-AA) Copolymers 
(Tg values in • C represent midpoint values as obtained during 2"*^ heat.) (PB indicates phase behavior) 


Exannple 




EA-AA(1 0% AA) 


EA-AA(23%AA) 


"EA-AA(45%AA) 




Tg 


PB 


IQ 


PB 


la 


PB 


92 


Poly (vinyl acetate) 


14 




32 


M 


30,43 


I.MC 


93 


VAE(94%VA) 


1 1 


M 


. 17 


M 


3,27 


i.PM 


94 


VAE(88%VA) 


4 


M 


13 ■• 


M 


3.34 


I,PM 


95 


VAE(75%VA) 


3 


M 


-1 .24 


i,MC 


-1T35 


i,PM 


96 


VAE(70%VA) 


-11,0 


\MC 


-9,26 


\MC 


-20.35 


UPM 


97 


VAE(e5%VA) 


-14,5 


LPM 


-15,26 


!,PM 


-23.39 


[,PM 


98 


VAE{50%VA) 


-27.^1 




-28.22 


. 1,MC 


-32,45 





The data of Table 14 show a window of nDiscibffity for VAH and EA/AA copolymer having 10% and 23% 
AA. These miscible blends contained VAE having ethylene contents fronn ^% up to 25%. Even at 30% 
ethylene, mechanical compatibility is indicated but at higher ethylene content (35%) the VAFs showed poor 
mechanica! compatibility wrth ail the EA/AA copoiymers tested - 
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The data of Table 15 show that the mtsdbility window for VAE and n-BA/AA copolymers is even smaller 
than it is for EA/AA. Note that these copotymers were al^ Emmisctble with poly(vinyJ acetate) but at the 23% 
AA level were miscible with VAE's having 6 to 25% ethylene and at 13% AA the n-BA/AA copoiymer was 
miscibfe with VAE having 30% ethylene. Phase separation had previously been observed in an attempt to 
solution blend m THF a 50/50 mixture of VAE (30% ethylene) and n-BA/AA (20% AA). This appears 
consistent with the immiscibility shown in Table 15 for VAE (30% ethylene) and BA/AA (23% AA). 
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The data of Table 16 show a small window of misdbiHty for VAE (6 to about 30% ethylene) and 2- 
EHA/AA (23% AA). Again, this is surprising since all of the 2-EHA/AA copolymers were immiscibie with 
poly(vinyl acetate). 

Table 17 



Difiersntial Scanning Caiorimeiry {DSC) Resute for VinyJ Acetate-Ethylene Copolymer Blends mXh Msthyfl 

Methacryiate-Acryiic Acid (MMA-AA) Copolymers 
(Tg values in "-C represent midpoint vaiues as obtained during 2"^ heat) {PB indicates phase behavior) 



Example 




MMA'AA(B%AA) 


MMA^AA(24%AA) 






Is 


PB 


Tg 


PB 


113 


Poly(vinyl acetate) 


43,96 


LMC 


39,103 


IMC 


-114 


VAE(a4%VA) 


22,109 


\MC 


24,118 


\MC 


l"l5 


VAE(S8%VA} 


17,106 


1,MC 


18,113 


LPM 


116 


VAE(75%VA) 


3,113 


LPM 


*1,104 


iPM 


117 


VAE(70%VA) 


-5,116 




-9,109 


l,PM 


118 1 


V/AE(65%VA} 


-18.109 


l,PM 


-24.97 


E,PM 


119 


VAE(50%VA) 


-28,111 


LPM 


-28,97 


i.PM 



it was indicated before in Examples 29 and 30 that MMA/MAA copolymers were immisdble with VAE 
{30% ethylene). The data of Table 17 show that MMA/AA copolymers (B and 24% AA) are fmmiscib/e with 
VAE over a broad range of ethylene contents. 

EXAMPLE 120 



Six grams of VAE (30 wt% ethylene Tg = -9*'C). obtained from Scientific Polymer Products) and six 
grams of 2-ethyihexy! acryiate/maieic anhydride (14 wt% maieiG anhydride, prepared as described in 
Examples 8-16) were dissolved in ninety grams of tetrahydrofuran. The blended material was recovered 
from solution and analyzed in accord with the procedure described in Examples 78-119. The blended 
materia! demonstrates miscibility by exhibiting a single Tg of -17^0. 

The miscfble biends. of Itils invention can be further modified by incorporating piasticizers and other 
modifiers which are commonly used with po\y(v}ny\ ch\on6e} or pofyiv'myl acetate). Also, the blends can be 
used with reinforcing agents such as fibergiass, carbon fibers and the like. Additives such as pigments, 
stabilizers, tackifiers, flame retardants can also be used as is customary in compounding e poiymehe 
.material for specific end uses, 

The miscible blends of this invention find use in molding compositions and structures such as felt and 
rn compounded formulations such as coatings, emulsions and adhesives. Formation of the misclble blends 
by polymerization of the acrylic acid, copolymer in the presence of a viny! acetate/ethyiene emulsion is of 
particular mterest in providing. a water-based polymer blend which can be used as a coating, in adhesfves 
or for caulking applications. 

Other advantages and features of our invention will be apparent to those skllied In the art from the 
foregoing disclosure without departing from the spirit or scope of our rnvention, 

Ciarms 

1. A polymeric composition containing a misclble blend of copolymers consisting essentialiy of 

(a) a copolymer of vfnyl acetate and ethylene having an ethylene content in the range of 5 to 3D 

weight percent, and 

(b) a copolymer of acrylic acid or maieic anhydride selected from the group consisting of 
(0 a styrene polymer' containing S to 30 weight percent acrylic acid or ma^eic anhydride, 
(ii) an ethyl acryiate polymer containing 8 to 25 weight percent acrylic acid, 
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(\U) an n-butyl acrylate polymer containing 10 to 25 weight percent of acrylic acid or maieic 
anhydride, and 

(iv) a 2-sthylhexy5 acrylate poiymer containing 14 to 25 weight p&rcem acrylic acid or maieic 
anhydride. 

2. The composmon of Claim 1 wherein said copolymer (a) contains 6 to 25% ethylene and said 
copolymer (b) is a copoiymer of ethyl acrylate and acrylic acid containing TO to 15% acrylic acid. 

3. The connposttion of Claim 1 wherein said copolymer (a) contains 6 to 25% ethylene and said 
copolymer (b) is a copoiymer of n-buty! acrylate and acryiic acid containing 18 to 25% acrylic acid. 

4. The composition of Claim 1 wherein , said copolymer (a) contains 6 to 25% ethylene and said 
copolymer (b) is a copolymer of 2-ethyihexyl acrylate and acryiic acid containing 18 to 25% acrylic 
acid.. 

5. The composition of Claim 1 wherein said copoiymer {b) is a copolymer of styrene and acryiic acid. 

6. The composition of Claim 1 wherein said copolymer (b) is a copolymer of styrene and maieic 
anhydride. 

7. The composition of Claim. 1 wherein said copolymer (b) is a copoiymer of n-butyl acrylate and maieic 
anhydride. 

B, The composmon of Claim 1 wherein said miscible blend contains 10 to 90 parts by weight of 
copolymer (a) and 90 to 10 parts by weight of copolymer (b)- 

9. The composition of Claim 5 wherein said copoiymer of styrene and acrylic acid contains a minor 
amount of 2-ethyfhexyl acrylate. 

10. The composition of Claim 1 wherein said miscibie blend of copolymers exhjbrts a single glass Uansition 
temperature (Tg). 

11. A polymeric composition containing a miscibie blend of vinyl acetate/ethylene copoiymer having an 
ethylene content of 10 to 35 weight percent and a styrene/acrylic acid copolymer having an acryiic acid 
content of S to 32 weight percent. 

12. A process for making a miscibie biend of vinyf acetate/ethylene copolymer and a copolymer of acryiic 
acid or maieic anhydride with comonomer selected from the group consisting of styrene, ethyl acrylate, 
n-butyl acryiaXB,. 2-e1t!y(hexyl acrylate and combinations thereof which comprrses copolymerizing said 
acrylic acid or maletc anhydride and comonomer in the presence of an aqueous emulsion of said vinyf 
acetate/ ethylene copoiymer, 

13. The process of Claim 12 wherein said blend is over 50 weight percent vinyl acetate/ethylene and its 
overall content of acrylic acid is not over 15 weight percent 
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